I. INTRODUCTION
Yang et al. 1 and Wang et al. 2 found that Gd 3 (Fe 1Ϫx Co x ) 29Ϫy Cr y compounds possess easy-axis-type anisotropy at room temperature for xу0. 4 . However, in these compounds, the amount of Cr needed for stabilization of the crystal structure is very large and increases with Co content, which leads to an unfavorable decrease of the Curie temperature and the saturation magnetization. On the other hand, it was found that in the R 3 Fe 29Ϫx Mo x compounds, 3 the required Mo content is very small, which is important because in this case, the magnetic properties are only slightly affected by the nonmagnetic Mo. However, the R 3 Fe 29Ϫx Mo x compounds exhibit an easy-plane type of anisotropy and can therefore not be used as a starting material for the production of permanent magnets. In order to investigate the effect of Mo content on the structure stability of R 3 (Fe,Co,Mo) 29 compounds, we synthesized the Ce 3 Fe 29ϪxϪy Co x Mo y compounds (xϭ0, 3, 6, and 10͒ and studied the substitution behaviors of Mo in these compounds. In this article, the effect of Mo content on the structure stability of R 3 (Fe,Co,Mo) 29 compounds is presented in comparison with the substitution behavior of Cr in the Gd 3 (Fe 1Ϫx Co x ) 29Ϫy Cr y compounds. 
II. EXPERIMENT
Ce 3 Fe 29ϪxϪy Co x Mo y (xϭ0, 3, 6 , and 10͒ compounds were prepared as similar reports before. 4 After the arc melting process, as-cast ingots were sealed in evacuated quartz tubes and annealed for 72 h at 1373 K for xϭ0, at 1393 K for xϭ3, 1413 K for xϭ6, and at 1433 K for xϭ10. X-ray diffraction ͑XRD͒ with Cu K␣ radiation was used to identify the phase and to determinate the lattice parameters of the compounds. The thermomagnetic analysis ͑TMA͒ was performed by using a vibrating sample magnetometer in a low field of about 0.05 T in the temperature range from liquidnitrogen temperature to above the Curie temperature.
III. RESULTS AND DISCUSSION
Based on XRD and TMA measurements, we investigated the phase formation range of Ce 3 Fe 29ϪxϪy Co x Mo y (x ϭ0,3,6,10) compounds. As an example, Fig. 1 In order to precisely investigate the formation range of the 3:29 phase, for a certain x, the samples with a wide range of y values were prepared. Figure 2 shows To understand the changes of the required stabilizing element content with Co content in the R 3 Fe 29ϪxϪy Co x M y compounds, we theoretically investigated the behaviors of substitution Mo, Cr, V, and Mn in binary Fe-based and Cobased 3:29 compounds, by means of the simulation research based on ab initio effective pair potentials obtained through Chen's lattice inversion method. [5] [6] [7] [8] [9] The metastable Nd 3 T 29 (TϭCo or Fe͒ structures used in the calculation were obtained by means of the same methods used in our former work. 10 A periodical cell ͓(Nd 3 T 29 ) 2 ͔ 2ϫ2ϫ2 containing 2 ϫ2ϫ2ϫ64 atoms were taken as a calculation unit. In the process of simulation, first, we substituted M atoms for T ͑Co or Fe͒ in some sites with different content, and then the energy minimization was applied to relax the ternary system under the interaction of effective potentials. The method used here for energy minimization is a conjugate gradient method with a cutoff radius of 14 Å. As an example, Fig. 4 shows the comparison of crystal cohesive energy variation in Nd 3 Fe 29Ϫx M x and Nd 3 Co 29Ϫx M x (M ϭMo and Cr, xϭ1) with M occupying different T sites. Here, we suppose that all the M atoms occupy only the same site. It is found in Fig. 4 that for both Mo and Cr, the ternary element has the same site preference in Co-based as in the Fe-based compounds, and the preferential sites are Fe7 (4i 2 ), Fe6 (4i 1 ) and Fe3 (4g). The difference among the three sites is very small, and even the difference between the three sites and the other eight T sites is little. Hence, it is obviously seen that, in addition to the three preferable sites, M may occupy some of the other eight T sites in these compounds. It is clearly shown in Fig. 4͑a͒ that the total energy decline in all of the T sites, for Mo, is more evident in Fe-based 3:29 compounds than that in Cobased 3:29 compounds. In this case, compared with that in a Co-based 3:29 compound, the Mo substitution for T in an Fe-based 3:29 compound leads to much more energy decline and, then, the Fe-based 3:29 structure is more stable which allows one to introduce extra Mo occupying other relatively unfavorable T sites. This means that the solubility of Mo in Nd 3 Fe 29Ϫx Mo x compounds should be higher than that in Nd 3 Co 29Ϫx Mo x . But for Cr, the total energy decline is more evident in Co-based 3:29 compounds than that in Fe-based 3:29 compounds as shown in Fig. 4͑b͒ , so Cr has a higher solubility in Nd 3 Co 29Ϫx Cr x than in Nd 3 Fe 29Ϫx Cr x . The calculated results for Mn are similar to that for Cr, which agree well with experimental data that Mn has a much higher solubility (ϳ72 at %) in Pr 3 Co 6 Mn 23 compound, 11 compared with the solubility of 33 at. % in Nd 3 Fe 18.3 Mn 10.7 compounds. 12 The calculated results also coincide qualitatively with our previous discovery in Cr-based compounds 2 and the experimental results on Mo in this work. These results show that it is promising to search a material with high magnetic properties in the R 3 Fe 29ϪxϪy Co x Mo y compounds, due to the low nonmagnetic Mo content in these compounds.
